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TC4TL: Our Roadmap

NIST Development set
NIST Test set

N

Preprocessing

A

Predictions and

Evaluation
Model Exploration
Training

3 2

Preprocessing

—

MITRE Range Angle

(Structured)

A N

Predictions and

Evaluation
Model Exploration
Training

3 2

Preprocessing

Preprocessing

—

Predictions and

NIST Training set

Qj

Preprocessing

A

Evaluation
Model Exploration
Training

3 2

Preprocessing



TCATL Datasets

NIST Development set
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NIST Test set
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NIST Development set

TXDevice,iPhonell
TXPower,8

TXCarry,hand
RXCarry.hand
RXPose.sitting
TXPose,sitting
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Data Preprocessing (Python-Pandas)
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1 Large Data file
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Data Preprocessing (Python-Pandas)

TXDevice
TXCarry

Features added File  TXPower 1XPose window_number attenuation coarse_grain distance_in_meters

as columns RXDevice

RXCarry l
RXPose

l

One Hot Encoding L

One Hot Encoding

RSSI > 0 | TXPower - 41 - RSS|
were removed TXCarry
Step_Size_i n_sec = Inf TXCarry_h TXCarry_p TXCarry_u
were removed
1 0 0
0 1 0



count

Dataset Exploration
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Dataset Exploration
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Dataset Exploration
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Dataset Exploration
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Simple Linear Regression

Linear Regression
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1 Feature: attenuation

each point is the mean
attenuation value of 1 window

L TCATL Challenge

Scoring Run Report

Scoring Run Information

Scoring Run Results #1

SUBSET D P_MISS
fine_grain 120 0.89
fine_grain 180 0.56
fine_grain 3.00 0.05
coarse_grain 180 0.57

Dashboard

P_FA

001

0.08

0.83

NDCF

0.90

0.64

0.89



Several Linear Regressions

split in scenarios 1 Model / scenario

(1 Feature: attenuation)
TXCarry_RXCarry_TXPose_RXPose_coarsegrain

hand_hand_sitting_sitting_Y > M1
hand_hand_sitting_sitting_N > M2
hand_hand_standing_sitting_Y > M3
hand_hand_standing_sitting N > M4
........... > M...




Score comparison

L TCATL Challenge

Scoring Run Report

Scoring Run Information

Scoring Run Results #1
SUBSET
fine_grain
fine_grain
fine_grain

coarse_grain

TCA4TL Challenge

Scoring Run Report

Scoring Run Information

Scoring Run Results #1
SUBSET

fine_grain

fine_grain

fine_grain

coarse_grain

120

180

180

1.20

180

180

P_MISS

0.89

0.56

0.01

0.08

0.03

Simple Linear Regression

Several Linear Regressions



RandomForestRegressor

GridSearch + Cross Validation All features: mean values / window

# Import the model we are using
from sklearn.ensemble import RandomForestRegressor

# model
rf = RandomForestRegressor(warm start=True, random state = 42, n jobs = -1)

#Grid Search

from sklearn.model selection import GridSearchCV

grid values = {'n estimators': [100, 200, 500], 'max depth':[8, 10, 12, 14], 'min samples split':[2,3,4], 'min sample
grid rf = GridSearchCV(rf, param grid = grid values, verbose=10)

grid rf.fit(train features, train labels)



Score comparison

Scoring Run Report

Scoring Run Information

Scoring Run Results #1
SUBSET

fine_grain

fine_grain

fine_grain

coarse_grain

%L TCATL Challenge

L TCATL Challenge

Scoring Run Report

Scoring Run Information

SUBSET

fine_grain

fine_grain

fine_grain

coarse_grain

P_MISS

0.75

0.04

043

NDCF

0.78

0.90

0.55

Several Regressions

RandomForestRegressor



Feature Importance Analysis

using: RSSI & attenuation

Scoring Run Results #1
SUBSET D P_MISS P_FA NDCF
fine_grain 1.20 0.86 0.00 0.87
fine_grain 1.80 0.85 0.00 0.85
fine_grain 3.00 0.00 0.96 0.96
coarse_grain 1.80 0.89 0.00 0.89
- Variable Importances
0.6
. . . . (7]
using: RSSI & attenuation & Altitude y g
- ©
£ 04
o
Scoring Run Results #1 Q.
E
SUBSET D P_MISS P_FA NDCF 0.2
fine_grain 120 0.17 0.20 0.37
fine_grain 1.80 0.15 0.13 0.28 0.0 b g >
= [
=]
fine_grain 3.00 0.18 0.22 0.40 @ g B
& =
]
coarse_grain 1.80 0.12 0.10 0.22 % <
Variable




Omid’s hypothesis

Place A -> Experiment 1 -> Distance 1 «—

Train Test
Data Data
‘ 1 1

Altitude 1

Place B -> Experiment 2 -> Distance 2 «—

| Train Test
Altitude 2 Data Data
2 2

Place C -> Experiment 3 -> Distance 3 <

Altitude 3 Train Test
Data Data
3 3




MITRE Range Angle
(Structured)

KRI Anechoic Chamber
Dataset

BLE RSS| Various Static
Configurations

MITRE Range Angle

MIT Matrix Data

MIT Testing Protocel used. 10 data

coliections correzponding to MI

masree. Each data foider contain 10g fles
or 34,3, 6.8, 10, The Buetooe
=gna of mtere:
BheProxTx

gged win the name

MITRE Range Angle
(Structured)

Thiz dmtazet contains measirements

tollowing the gie Colie
coliected by MITRE employees.

(Unstructured)

This datazet contains measirements

Template Dataset

Range Angle

ABluetooth proximty ataset coliected by

PACT Phones and Bluetooth
Chipsets

Atempiate dataset to be used for external



https://mitll.github.io/PACT/datasets.html#datasets-submit
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Data
Exploration

Distance

0.9144 m

1.2192 m

1.524 m

1.8288 m

24384 m

2.7432 m

3.048 m

3.6576 m

4572 m

RSSI attenuation




Data
Exploration

(Varying Distance
in each environment)
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Data
Exploration

(Varying Angle
in each environment)
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Simple Linear Regression

45
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Distance [m]
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5coring Run Results #1

UBSET

ne_grain
ne_grain
ne_grain

yarse_grain

1.20

1.80

3.00

1.80

attenuation [dB]

P_MISS
0.49
0.46
0.36

0.47

P_FA
0.32
0.35
0.49

0.33

NDCF

0.81

0.81

0.86

0.80



NIST Training set:

Multiple RandomForestRegressors

Scoring Run Results #1
SUBSET
fine_grain
fine_grain
fine_grain

coarse_grain

1.20

1.80

3.00

1.80

P_MISS
0.53
0.45
0.10

0.44

P_FA
0.16
0.38
0.80

0.37

NDCF

0.69

0.83

0.90

0.81



What we have left to do

e Try different aggregation techniques per file
e Try other Regression/Classification Algorithms

e Feature engineering with sensors data



Thank you !!!



BACKUP



10 files
15500 files TXCarry_RXCarry_TXPose_RXPose

hand_hand_sitting_sitting
hand_hand_sitting_standing
hand_hand_standing_sitting
hand_hand_standing_standing
pocket hand_sitting_standing
:> pocket_hand_standing_standing
pocket pocket_sitting_sitting
pocket _pocket_sitting_standing
pocket pocket standing_sitting

pocket pocket standing_standing



LinearRegression, RandomForestRegressor 10 files
TXCarry_RXCarry_TXPose_RXPose

M1 < hand_hand_sitting_sitting

M2 < hand_hand_sitting_standing
M3 < hand_hand_standing_sitting
M4 ¢ hand_hand_standing_standing
M5 < pocket hand_sitting_standing
M6 < pocket hand_standing_standing
M7 < pocket pocket_sitting_sitting
M8 ¢ pocket _pocket_sitting_standing
M9 < pocket pocket standing_sitting
M10 < pocket pocket standing_standing




Predictions .
8000 files

M1

M2

M3

M4

M5

M6

m7

m8

M9

AR VAR VA VAR VAR VAR VA VA VAR V4

M10




Attenuation
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